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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dans  for  Phase  I 
Investigations.  Copies  of  these  guidelines  aay  be  obtained  fron  the 
Office  of  the  Chief  of  Engineers,  Washington,  D.C.  20314.  The  purpose  of 
a  Phase  I  investigation  is  to  expeditiously  identify  those  dams  which  nay 
pose  hazards  to  human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual  inspections. 
Detailed  investigations,  testing  and  detailed  computational  evaluations 
are  beyond  the  scope  of  a  Phase  I  investigation;  however,  the 
investigation  is  intended  to  identify  the  need  for  more  detailed  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  Improving  the  stability  and  safety  of  the 
dam,  removes  the  normal  load  on  the  structure  and  may  obscure  certain 
conditions  which  might  otherwise  be  detectable  if  inspected  under  the 
normal  operating  environment  of  the  structure. 

It  is  Important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and  is 
evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the  present 
condition  of  the  dam  will  continue  to  represent  the  condition  of  the  dan  at 
some  point  in  the  future.  Only  through  frequent  Inspections  can  unsafe 
conditions  be  detected,  and  only  through  continued  care  and  maintenance 
oan  these  conditions  be  prevented  or  corrected. 

Phase  I  inspections  are  not  Intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the  established 
Guidelines,  the  spillway  design  flood  is  based  on  the  estimated  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff) , 
or  fractions  thereof.  The  spillway  design  flood  provides  a  measure  of 
relative  spillway  oapacity  and  serves  as  an  aid  in  determining  the  need 
for  more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size 
of  the  dam,  its  general  condition  and  the  downstream  damage  potential. 
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PHASE  X  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


Name  of  Dan: 

County  Located: 

State  Located: 
Strean: 

Coordinates: 

Date  of  Inspection: 


Flat  Rock  Dan 

Montgomery  and  Philadelphia 
Counties 
Pennsylvania 
Schuylkill  River 
Latitude  40°  2.4  • 

Longitude  75°  14.9' 

June  11,  1980 


Flat  Rock  Dan  is  owned  by  the  Comnonvealth  of 
Pennsylvania,  and  the  pool  forned  is  used  prinarily  for 
recreational  purposes.  The  left  abutment  of  the  dan  abuts  the 
Manayunk  Canal  wall  owned  by  the  City  of  Philadelphia.  Visual 
inspection  of  the  exposed  sections  of  the  dan,  review  of 
available  data  and  simplified  calculations  presented  in 
Appendix  D  indicate  the  dam  is  in  good  condition.  No  data 
other  than  Plate  12,  Appendix  E,  were  available  for  the  canal 
wall.  Calculations  presented  in  Appendix  G  indicate  the  wall 
is  marginally  stable  under  assumed  conditions.  The  results  of 
the  stability  analysis  are  at  variance  with  the  canal  wall's 
demonstrated  performance  history.  A 

In  accordance  with  criteria  established  by  Federal 
(OCE)  Guidelines,  the  recommended  spillway  design  flood  for 
this  "Intermediate"  size  dam  and  "High"  hazard  potential 
classification  is  the  Probable  Maximum  Flood  (PMF). 


Calculations  presented  in  Appendix  D  indicate  the 
structure  will  pass  about  0.07  PMF  without  overtopping  the 
right  embankment.  As  the  spillway  will  not  pass  the  PMF 
without  overtopping,  it  is  considered  to  be  "Inadequate".  It 
is  considered  that  the  dam  is  not  likely  to  fail;  therefore, 
the  spillway  is  not  considered  to  be  "Seriously  Inadequate”. 

It  is  recommended  that  the  following  measures 
concerning  the  canal  wall  be  undertaken  immediately  by  the 
City  of  Philadelphia.  Items  (1)  and  (2)  should  be  performed 
under  the  supervision  of  a  registered  professional  engineer 
experienced  in  the  design  and  construction  of  dams. 

(1)  As  the  canal  wall  stability  analysis  presented  in 
Appendix  G  is  at  variance  with  its  demonstrated 
performance  history,  further  investigations  should 
be  made  to  verify  the  configuration  of  the  section, 
assumed  foundation  and  canal  bottom  conditions,  and 
results  of  the  analysis.  If  stability  of  the  wall 


ii 


Flat  Rock  Dam,  NDS  ID  PA  00896 


cannot  be  demonstrated,  measures  should  be  taken  to 
insure  its  stability  under  all  expected  conditions. 

(2)  Seepage  through  the  canal  wall  should  be  monitored 
and  evaluated. 

(3)  Surficial  deteriorated  concrete  on  the  canal  wall 
should  be  repaired. 

(4)  In  conjunction  with  Item  (3),  all  open  cracks  at  the 
top  of  the  wall  at  the  construction  joints  should  be 
sealed  to  prevent  damage  from  freezing  water  in  the 
winter. 


An  operation  and  maintenance  manual  for  small  dams 
has  been  prepared  by  the  Department  of  Environmental  Re¬ 
sources,  Division  of  Completed  Projects,  Bureau  of  Operations. 
Portions  of  this  manual  apply  to  Flat  Rock  Dam.  It  is 
important  that  persons  concerned  with  this  structure  be 
familiar  with  the  procedures  contained  in  the  manual.  The 
City  of  Philadelphia  should  develop  a  maintenance  procedure  to 
insure  the  canal  wall  is  maintained  in  the  best  possible 
condition.  Since  the  Schuylkill  River  is  covered  under  the 
National-  Weather  Service  Flood  Forecasting  Service  and  proce¬ 
dures  have  been  established  to  warn  of  potential  flooding 
along  the  river  downstream  of  the  dam,  it  is  not  recommended 
that  a  separate  warning  procedure  be  developed  for  t 
structure. 
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OVERVIEW 

PLAT  ROCK  DAM,  MONTGOMERY  AMD  PHILADELPHIA  COUNTIES,  PENNSYLVANIA 
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PHASE  Z  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
FLAT  ROCK  DAM 
NATIONAL  ID  NO.  PA  00896 
DER  NO.  51-1 

SECTION  1 

PROJECT  INFORMATION 


1. 1  General. 

a.  Authority.  The  Dan  Inspection  Act,  Public  Law  92- 
367,  authorized  the  Secretary  of  the  Army,  through  the  Corps 
of  Engineers,  to  initiate  a  program  of  inspection  of  dams 
throughout  the  United  States. 

b.  Purpose.  The  purpose  of  the  inspection  is  to 
determine  if  the  dam  constitutes  a  hazard  to  human  life  or 
property. 


1.2  Description  of  Project. 

a.  Dam  and  Appurtenances.  Flat  Rock  Dam  is  a  run-of- 
the-river  dam  across  the  Schuylkill  River.  It  is  a  concrete 
gravity  structure  with  a  510  foot  ogee  spillway  section  and  a 
spillway  crest  elevation  of  37.7  throughout  most  of  its 
length.  The  right  abutment  is  in  the  right  river  bank,  while 
the  left  abutment  abuts  the  previously  existing  Manayunk  Canal 
wall. 


The  ogee  gravity  spillway  has  a  base  width  of  34 
feet,  and  the  total  height  from  the  minimum  foundation 
elevation  to  the  crest  of  the  non-overflow  section  at  the 
right  abutment  is  about  36  feet.  Two  60  foot  long  sections  of 
the  spillway  crest,  one  near  each  of  the  abutments,  are  0.5 
foot  lower  than  the  rest  of  the  spillway  to  form  low  flow 
sections.  The  spillway  has  a  short  apron,  which  discharges 
flow  directly  onto  the  river  bed.  The  height  of  the  spillway 
crest  sections  above  the  downstream  apron  is  14.7  feet,  while 
the  top  of  the  right  abutment  is  21.2  feet  above  the  adjacent 
spillway  apron.  The  foundation  was  grouted,  and  rock  anchors 
are  located  in  the  heel  of  the  dam,  as  shown  on  Plates  5  and  9, 
Appendix  E. 


The  dam  was  constructed  about  12  feet  downstream,  at 
the  right  abutment,  of  the  previously  existing  rock  filled 
timber  crib  dam.  The  new  right  retaining  wall  was  constructed 
downstream  of  the  stone  masonry  abutment.  The  old  abutment 
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extends  about  65  feet  into  the  right  river  bank,  Plate  4, 
Appendix  E.  The  abutment  slope  behind  the  new  retaining  wall 
and  downstream  of  the  old  abutment  is  protected  with  grouted 
derrick  stone  over  compacted  rock  fill. 

The  left  abutment  for  the  timber  crib  dam  is  of 
stone  masonry  at  the  entrance  to  the  Manayunk  Canal,  Photo¬ 
graph  4.  The  upstream  end  of  the  concrete  canal  wall  abuts 
the  downstream  end  of  the  stone  abutment.  The  left  abutment 
for  Flat  Rock  Dam,  Plate  9,  adjoins  the  previously  existing 
canal  wall  and  is  anchored  to  the  canal  wall  by  No.  8  bars 
grouted  into  the  existing  masonry  and  concrete  wall. 

The  canal  wall,  a  concrete  gravity  structure, 
extends  approximately  800  feet  between  the  left  abutment  of 
the  dam  and  the  canal  feeder  house.  The  canal  wall  top  width 
is  15  feet  in  the  vicinity  of  the  abutment  and  about  six  feet 
elsewhere.  Throughout  its  length,  the  top  of  the  canal  wall 
is  stepped  in  sections,  with  top  elevations  ranging  from  42.5 
to  49.9.  At  approximately  the  midpoint  between  the  dam  and 
the  feeder  house  is  an  87  foot  wide  weir  at  a  crest  elevation 
of  39.0.  The  maximum  height  of  the  canal  wall  above  the  river 
bed  is  about  29  feet  adjacent  to  the  dam.  The  canal  bottom 
ranges  from  elevation  25  to  37. 

The  canal  has  not  been  used  for  navigation  since 
1917,  but  within  the  past  few  years  was  restored  to  a  limited 
extent  for  a  public  park.  The  upstream  entrance  has  a  sheet 
piling  cutoff  wall  in  the  vicinity  of  the  feeder  house.  The 
feeder  house  has  been  burned  and  the  gates  are  no  longer 
operational.  The  towpath  was  renovated  to  a  bicycle  path.  A 
new  weir  was  installed  between  the  old  lock  walls  about  two 
miles  downstream  to  maintain  the  canal  water  level. 

b.  Location.  Flat  Rock  Dam  is  located  on  the  Schuyl¬ 
kill  River  approximately  2.9  miles  upstream  of  D.S.  Route  1. 
The  dam  is  located  in  Montgomery  and  Philadelphia  Counties, 
Pennsylvania.  The  dam  site  and  reservoir  are  shown  on  USGS 
Quadrangle  entitled  "Germantown,  Pennsylvania"  at  coordinates 
N  40°  2.4'  W  75°  14.9'.  A  regional  location  plan  of  the  dam  is 
enclosed  as  Plate  1,  Appendix  E. 

c.  Size  Classification.  The  dam  is  classified  as  an 
"Intermediate*  size  structure  by  virtue  of  its  estimated  1,500 
acre-foot  total  storage  capacity  and  less  than  100  foot 
height. 

d.  Hazard  Classification.  A  "High"  hazard  classifica¬ 
tion  is  assigned  consistent  with  the  potential  for  property 
damage  and  possible  loss  of  life  along  the  Schuylkill  River  in 
the  event  of  sudden  failure  of  the  dam. 
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e.  Ownership.  The  dam  is  owned  by  the  Department  of 
Environmental  Resources.  All  correspondence  should  be  ad¬ 
dressed  to  Bureau  of  Operations,  Department  of  Environmental 
Resources,  Post  Office  Box  1467,  Harrisburg,  Pennsylvania 
17120.  The  canal  wall  is  owned  by  the  City  of  Philadelphia. 
Correspondence  concerning  the  canal  wall  should  be  addressed 
to  the  Water  Department,  Municipal  Services  Building,  Phila¬ 
delphia,  Pennsylvania  19107. 

f.  Purpose  of  Dam.  The  reservoir  formed  by  the  dam  is 
used  for  recreational  purposes  and  forms  a  desilting  basin. 

g.  Design  and  Construction  History.  The  original  Flat 
Rock  Dam  was  a  rock  fill  timber  crib  structure  started  in 
1815,  by  the  Schuylkill  Navigation  Company  as  part  of  the 
transportation  system  to  float  barges  between  Philadelphia  and 
the  upper  reaches  of  the  Schuylkill  River.  A  cornerstone  in 
the  canal  wall  near  the  feeder  house  is  dated  1883.  The 
Reading  Railroad  Company  acquired  the  canal  properties  from 
the  Schuylkill  Navigation  Company  about  1890.  The  east  (left) 
abutment  of  the  dam  and  the  lock  chambers  were  rebuilt  of 
concrete  and  stone  masonry  during  the  time  the  railroad 
company  owned  and  operated  the  canal.  Canal  operations  ceased 
in  1917,  and  in  April  1947,  the  railroad  company  conveyed  most 
of  their  canal  holdings  to  the  Commonwealth  of  Pennsylvania. 

By  1952,  inspections  concluded  that  the  stability  of 
the  timber  crib  dam  was  in  question,  and  extensive  repairs 
were  required.  As  the  City  of  Philadelphia  used  the  reservoir 
as  a  water  intake  at  the  Shawmont  Pumping  Station,  negotia¬ 
tions  were  begun  in  1954,  with  the  intent  to  transfer 
ownership  of  the  dam  and  canal  to  the  city.  In  July  1957, 
ownership  of  the  canal,  including  the  feeder  house  and  canal 
wall,  was  transferred  to  the  City  of  Philadelphia.  On  April 
24,  1972,  an  application  for  a  permit  to  reconstruct  Flat  Rock 
Dam  was  made.  The  issuing  of  the  permit  was  held  up  for  more 
than  two  years  because  of  a  dispute  between  different  state 
agencies  about  provisions  in  the  design  for  a  fish  passage 
facility  for  future  shad  migration  in  the  Schuylkill  River. 
The  matter  was  resolved  by  acknowledging  that  fishway  facili¬ 
ties  may  be  necessary  in  the  future.  The  "Report  Upon  the 
Application  of  the  Office  of  Resource  Management,  Department 
of  Environmental  Services"  was  prepared  by  the  Division  of 
Dams  and  Encroachments,  July  16,  1974.  The  permit  was  issued 
October  8,  1974,  and  in  June  1975,  Pettinaro  Construction 
Company,  Inc.,  was  contracted  by  the  General  State  Authority 
to  build  the  new  dam. 

There  are  no  documents  in  DER  files  regarding  the 
construction  of  the  dam.  However,  the  as-built  drawings  give 
limited  indications  of  the  construction  details  of  Flat  Rock 
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Dam.  Two  sluice  gates,  ten  feet  by  eight  feet,  together  with 
trash  rack  and  stop  log  structures  were  initially  proposed  to 
be  built  at  the  canal  wall  location,  but  were  subsequently 
deleted  from  the  design.  The  old  timber  crib  dam  was  left  in 
place  during  construction  of  the  new  concrete  gravity  dam. 
Reportedly,  concrete  blocks  were  used  on  top  of  the  dam  to 
divert  water  around  through  the  canal  wall.  Two  30  inch 
corrugated  metal  pipes  were  used  for  diversion  during  con¬ 
struction  of  the  right  half  of  the  dam.  Upon  completion  of 
the  dam,  the  pipes  were  grouted  full.  The  top  of  the  timber 
crib  dam  was  removed  to  elevation  32.5.  There  are  two  dam 
completion  certificates  in  the  file:  one  dated  October  6, 
1977,  and  one  dated  December  20,  1977. 

h.  Normal  Operating  Procedures.  All  water  flows  over 
the  weir  of  the  dam.  When  the  river  level  upstream  of  the  dam 
increases  to  an  elevation  about  1.3  feet  above  the  dam  crest, 
water  is  also  discharged  into  the  river  through  the  87  foot 
long  weir  through  the  canal  wall,  shown  on  Photograph  6. 


1.3  Pertinent  Data. 


A  summary  of  pertinent  data  for  Flat  Rock  Dam  is 
presented  as  follows. 


a.  Drainage  Area  (square  miles) 


1,809(1) 


b.  Discharge  at  Dam  Site  (cfs) 

Maximum  Flood  (Tropical  Storm 
Agnes,  1972,  measured  at 
downstream  gaging  station)  103,000 

At  Top  of  Right  Abutment  30,000 


c. 


Elevation  (feet  above  MSL) 
Top  of  Dam 


Right  Abutment 

44.2 

Left  Abutment 

44.8 

Spillway  Crest 

Low  Flow  Sections  (total 

120 

feet  long) 

37.2 

Main  Spillway  (total  390 

feet) 

37.7 

Downstream  Apron  (toe) 

23.0 

Tailwater  (6/10/80) 

22.lt 

Riverbed 

19.0  to  23.0 

Minimum  Foundation 

8  ± 

Til  Information  obtained  from  DER,  Water  Resources  Bulletin 
4,  "Water  Resources  Survey,  The  Schuylkill  River,  Penn¬ 
sylvania". 


4 


d.  Reservoir  (miles) 

Length  at  Normal  Pool  4.4'1' 

Fetch  at  Normal  Pool  (est)  1.5 


e.  Storage  (acre-feet)  ... 

Normal  Pool  788' 

At  Top  of  Non-overflow  (est)  1,500 


f.  Reservoir  Surface  (acres) 
Normal  Pool 


'  105 


(2) 


g.  Dam  Data 
Type 

Length  (overflow) 

Height  (above  downstream 
Cutoff 


Grout  Curtain 

h.  Spillway 

Type 

Elevation 
Low  Flow  Notches 
Length 

Reservoir  Drain 

i.  Canal  Wall 

Type 

Length 

Top  Elevation 
Top  Width 
Spillway 
Type 
Size 

Elevation 


Concrete  gravity 
overflow  dam 
510  feet 

apron)  21.2  feet 

Keyed  where  neces¬ 
sary  to  find  sound 
rock 

Grouted  under  heel 


Ogee  weir 
37.7  feet 
37.2  feet 
510  feet 
None 


Concrete  and  masonry 
gravity 
800  feet 

42.5  to  49.9  feet 
6.0  to  15.5  feet 

Weir 
87  feet 
39.0  feet 


(T)  See  footnote  on  previous  page. 

(2)  From  "Application  Report”  prepared  by  the  state,  July  16, 
1974. 
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SECTION  2 
ENGINEERING  DATA 


2.1  Design. 

a.  Data  Available.  A  summary  of  engineering  data  for 
Flat  Rock  Dam  is  presented  in  the  checklist  attached  as 
Appendix  B.  Principal  documents  containing  pertinent  data 
used  for  this  report  include  the  "Report  Upon  the  Application 
of  the  Office  of  Resources  Management,  Department  of  Environ¬ 
mental  Resources"  dated  July  16,  1974,  as-built  drawings, 
stability  calculations  and  a  summary  of  hydraulic  calculations 
supplied  by  the  Bureau  of  Design.  Other  data  used  to  evaluate 
the  engineering  characteristics  of  the  dam  include  the  Water 
Resources  Bulletin,  Bulletin  No.  4,  "Water  Resources  Survey, 
The  Schuylkill  River,  Pennsylvania",  prepared  for  the  Common¬ 
wealth  of  Pennsylvania  by  E.  H.  Bourquard  &  Associates,  dated 
March  1968,  and  Bulletin  No.  9,  "Hydrologic  Data  of  the  June 
1972  Flood  in  Pennsylvania",  prepared  in  cooperation  with  the 
U.S.  Department  of  the  Interior,  Geological  Survey,  August 
1974. 


b.  Design  Features.  Principal  design  features  are 
illustrated  on  the  plan,  profile  and  cross-section  plates  of 
this  structure  and  are  enclosed  in  Appendix  E  as  Plates  2 
through  10.  These  plates  are  reproduced  from  as-built 
drawings  supplied  by  the  Bureau  of  Operations,  Pennsylvania 
Department  of  Environmental  Resources  (DER).  A  description  of 
the  design  features  is  presented  in  Section  1.2,  entitled 
"Description  of  Project". 


2.2  Construction. 


A  limited  description  of  the  construction  history  is 
presented  in  Section  1.2. 


2.3  Operational  Data. 

There  are  no  operational  records  maintained.  Since 
all  flow  passes  over  the  overflow  section,  there  are  no 
minimum  flow  requirements  downstream. 
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2.4  Evaluation. 

a.  Availability.  All  engineering  data  reproduced  in 
this  report  and  studied  for  this  investigation  were  provided 
by  the  Pennsylvania  DER,  Bureau  of  Dams  and  Waterways 
Management,  Bureau  of  Completed  Projects  and  Bureau  of  Design. 

b.  Adequacy.  Data  included  in  Division  of  Dam  Safety 
files  and  information  received  from  various  state  representa¬ 
tives  were  not  sufficiently  adequate  to  evaluate  the  design 
features  of  the  dam  and  appurtenant  structures  in  accordance 
with  Phase  I  guidelines. 

c.  Validity.  There  is  no  reason  to  question  the 
validity  of  the  available  data. 
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SECTION  3 
VISUAL  INSPECTION 


3.1  Findings. 

a.  General.  Observations  and  comments  of  the  field 
inspection  team  are  contained  in  the  checklist  enclosed  herein 
as  Appendix  A,  and  are  summarized  and  evaluated  as  follows. 
In  general/  the  ogee  section,  right  and  left  abutments,  and 
the  canal  wall  appear  to  be  in  good  condition.  At  the  time  of 
the  inspection,  the  river  was  flowing  at  a  normal  rate  over 
the  spillway  and,  thus,  the  ogee  section  and  downstream  apron 
of  the  spillway  could  not  be  inspected. 

b.  Dam.  The  exposed  portions  of  Flat  Rock  Dam  are 
extremely  limited  and  consist  of  the  right  gravity  wall  and 
the  left  abutment  adjoining  the  previously  existing  canal 
wall.  At  the  right  end  of  the  dam,  both  the  previously 
existing  masonry  abutment  and  the  new  concrete  gravity 
abutment  appear  to  be  in  good  condition.  There  was  no 
distortion  in  alignment  that  would  be  indicative  of  movement 
of  the  foundation.  No  concrete  spalling  or  excessive 
deterioration  or  cracking  was  noted,  although  there  are  some 
leachate  deposits  on  the  concrete  gravity  wall  downstream  of 
the  weir.  The  grouted  riprap,  both  upstream  and  downstream  of 
the  dam  centerline,  appears  to  be  in  place  and  in  good 
condition. 


The  left  abutment  is  tied  into  the  previously 
existing  canal  wall  by  No.  8  reinforcing  anchor  bars  grouted 
into  the  wall.  The  exposed  concrete  surfaces  were  inspected, 
and  no  spalling,  excessive  concrete  cracking  or  other  concrete 
deterioration  were  noted.  Leachate  deposits  were  noted  on  the 
riverside  face  of  the  left  abutment. 

c.  Appurtenant  Structures. 

1.  Ogee  Spillway.  About  one  foot  of  water  was 
flowing  over  the  ogee  we i r  at  the  time  of  the  inspection. 
Water  flowing  over  the  spillway  crest  was  smooth,  with  no 
indications  of  cracks  or  displacement  between  monoliths. 

2.  Canal  Wall.  The  elevation  of  the  canal  wall 
ranges  from  a  high  o t  about  49.9  feet  near  the  feeder  house  to 
a  low  of  42.5  near  its  midpoint.  As  shown  on  Sheet  5C  of  11, 
Appendix  A,  the  wall  is  divided  into  four  sections  of 
different  elevations  separated  by  steps,  with  the  top  of  the 
wall  being  at  nearly  constant  elevations  within  each  section. 
The  top  width  ranges  from  about  6.0  feet  to  a  maximum  of  about 


15  feet.  The  canal  side  £ace  appears  to  be  vertical,  while 
the  riverside  of  the  wall  is  nearly  vertical  for  the  top 
several  feet  and  then  has  a  batter  of  about  0.4H:lV.  About 
490  feet  downstream  of  the  dam  centerline  is  an  87  foot  wide 
weir  through  the  canal  wall;  see  Photograph  6.  At  the  time  of 
the  inspection,  the  canal  water  level  was  about  four  inches 
below  the  weir  crest. 

The  riverside  face  of  the  canal  wall  displays 
leachate  deposits  over  its  entire  length.  Some  seepage  was 
also  observed  on  the  downstream  river  face  of  the  wall. 
Spalls  and  concrete  deterioration  have  occurred  at  both 
vertical  and  horizontal  construction  joints  of  the  wall. 
Spalling  on  the  top  of  the  wall  has  typically  occurred  at  the 
construction  joints;  see  Photographs  5,  6  and  10. 

At  the  left  abutment  of  Flat  Rock  Dam,  the  canal 
wall  is  15.25  feet  wide.  There  is  some  vertical  displacement 
at  the  construction  joint  where  the  15.25  foot  section  joins 
the  6  foot  section,  apparently  as  constructed;  see  Photograph 
11.  The  extreme  upstream  portion  of  the  canal  wall  is  the 
original  stone  masonry  abutment  to  the  old  Flat  Rock  Dam.  The 
stone  masonry  appears  to  be  structurally  sound. 

d.  Reservoir.  At  the  time  of  the  inspection,  the 
impounding  area  was  at  normal  pool,  and  slopes  to  the  water's 
edge  appear  well  vegetated  and  stable.  It  is  reported  that 
the  water  is  15  feet  deep  upstream  of  the  dam. 

e.  Downstream  Channel.  The  natural  channel  below  the 
dam  is  the  Schuylkill  River,  which  appears  to  be  in  good 
condition  with  stable  banks  and  a  minimum  amount  of  scour  or 
deposition.  Venice  Island,  downstream  of  the  dam,  is  occupied 
primarily  by  industrial  complexes.  The  minimum  height  of  the 
bank  above  the  water  level  at  the  northwest  end  of  the  island 
is  about  16.5  feet,  or  an  elevation  of  approximately  39.4 
feet.  The  difference  between  the  top  of  the  bank  and  the 
river  appears  fairly  constant  all  the  way  down  to  Green  Lane 
Bridge.  The  occupied  building  closest  to  the  river  level  is  a 
canoe  clubhouse  approximately  2.8  miles  downstream  of  the  dam 
at  the  confluence  of  the  Wissahickon  Creek  and  the  Schuylkill 
River.  The  first  floor  of  the  house  is  about  15  feet  above  the 
river  surface.  About  seven  miles  downstream  of  Flat  Rock  Dam 
is  Fairmount  Dam.  Immediately  upstream  of  Fai mount  Dam  is 
Boathouse  Row,  where  there  are  11  boathouses  built  at  the 
water's  edge.  The  pool  above  Fairmount  Dam  is  used  extensive¬ 
ly  for  recreational  purposes,  and  parks  are  on  both  sides  of 
the  river  upstream  of  the  dam.  Sudden  failure  of  Flat  Rock 
Dam  not  during  an  extreme  event  would  create  the  possibility 
for  many  lives  lost;  therefore,  the  dam  warrants  a  "High” 
hazard  potential  classification. 
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3.2  Evaluation. 

Inapection  of  the  dam  and  abutments  disclosed  no 
evidence  of  apparent  past  or  present  movement  that  would 
indicate  existing  instability  of  the  concrete  dam.  Since  flow 
was  passing  over  the  spillway  at  the  time  of  the  inspection, 
the  toe  of  the  spillway  could  not  be  inspected  for  undermin¬ 
ing,  scour  or  the  condition  of  the  apron  or  bedrock  immediate¬ 
ly  downstream. 

Inspection  of  the  canal  wall  disclosed  surficial 
concrete  deterioration  of  the  top  and  the  downstream  face. 
Construction  joint  deterioration  is  occurring  within  the  canal 
wall  as  evidenced  by  leachate  deposits  on  the  riverside  of  the 
wall.  There  is  no  evidence  detected  by  visual  inspection  that 
the  structural  integrity  of  the  wall  has  been  affected.  In 
summary,  the  dam  and  canal  wall  are  considered  to  be  in  good 
condition,  with  the  canal  wall  requiring  repairs  to  the 
concrete. 


SECTION  4 

OPERATIONAL  PROCEDURES 


4.1  Procedures. 


Operation  o£  the  dam  does  not  require  a  dam  tender. 
All  flow  discharges  directly  over  the  ogee  section  and 
downstream  into  the  Schuylkill  River. 


4. 2  Maintenance  of  the  Dam. 


The  dam  is  inspected  yearly  by  the  Department  of 
Environmental  Resources  ( DER ) ,  Bureau  of  Operations,  in 
Harrisburg.  The  local  Schuylkill  River  Project  office 
provides  routine  maintenance  of  the  structure,  which  includes 
removal  of  debris,  painting  and  sealing  of  any  surficial 
cracks.  There  was  no  evidence  or  acknowledgement  of  mainte¬ 
nance  of  the  canal  wall  by  the  City  of  Philadelphia. 


4.3  Maintenance  of  Operating  Facilities. 

There  are  no  mechanical  devices  or  operating  facili¬ 
ties  to  maintain  for  this  structure. 


4.4  Warning  Systems  In  Effect. 

According  to  DER's  representative  during  the  time  of 
the  inspection,  there  are  no  formal  warning  procedures 
associated  with  Flat  Rock  Dam.  The  Schuylkill  River  is 
covered  by  the  National  Weather  Service  flood  forecasting 
service.  When  flooding  is  expected,  reports  are  broadcast  on 
the  NOAA  radio  service,  provided  to  the  national  wire 
services,  and  the  City  of  Philadelphia  Emergency  Coordinator 
is  notified. 


4.5  Evaluation. 


Since  there  are  no  operating  facilities  and  since 
the  dam  does  not  require  a  dam  tender,  it  is  judged  that  the 
current  operating  procedure  is  a  satisfactory  method  of 
operating  the  dam. 
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SECTION  5 

HYDROLOGY/HYDRAULI CS 


5.1  Evaluation  of  Features. 


a.  Design/Evaluation  Data.  No  original  design  data  were 
located.  Summary  hydraulic  data  were  supplied  by  DER,  Bureau 
of  Design,  and  additional  calculations  for  this  investigation 
are  presented  in  Appendix  D. 

The  large  watershed  is  about  78  miles  long  and 
ranges  from  about  22  to  32  miles  wide,  having  a  total  drainage 
area  of  1,809  square  miles  above  Flat  Rock  Dam.  The 
Schuylkill  River  Watershed  at  its  mouth  drains  an  area  of 
approximately  1,920  square  miles.  Elevations  range  from  a 
high  of  1,750  feet  in  the  extreme  upper  reaches  to  37.7,  the 
weir  elevation  at  Flat  Rock  Dam.  From  the  headwaters  at 
Tuscarora  Springs  in  Schuylkill  County  to  Flat  Rock  Dam,  the 
river  travels  approximately  115  miles.  The  river  passes 
through  four  major  physiographic  provinces  in  Pennsylvania, 
ranging  from  the  Appalachian  Ridge  and  Valley  Province  to  the 
Atlantic  Coastal  Plain.  Thus,  the  hydrology  and  stream  flows 
of  the  Schuylkill  River  Watershed  vary  widely  at  different 
points  along  the  river  because  of  the  varying  topographic  and 
climatological  conditions  along  the  river  course.  In  general, 
higher  average  rainfalls  and  steeper  topography  in  the 
northern  provinces  of  the  river  above  the  Blue  Ridge  physio> 
graphic  province  (above  Port  Clinton,  Pennsylvania)  produce 
slightly  greater  average  runoffs  per  square  mile  than  those 
observed  in  the  lower  portions  of  the  watershed.  In  addition, 
localized  storms  or  short-term  droughts  may  not  be  general 
over  the  entire  basin. 

The  concrete  ogee  weir  was  designed  based  on  a 
design  head  of  14.5  feet  or  a  discharge  of  98,000  cfs. 
Summary  data  provided  indicates  flows  of  50,000  cfs  will 
partially  submerge  the  weir  and,  for  flows  exceeding  130,000 
cfs,  the  tailwater  elevation  will  equal  the  upstream  water 
surface  level. 

In  accordance  with  criteria  established  by  Federal 
(OCE)  Guidelines,  the  recommended  spillway  design  flood  for 
this  "Intermediate”  size  dam  and  "High"  hazard  classification 
is  the  Probable  Maximum  Flood  (PMF) . 

b.  Experience  Data.  Reservoir  water  levels  are  not 
maintained  for  this  dam.  Large  flows,  such  as  Tropical  Storm 
Agnes  in  June  1972,  flood  out  Venice  Island  so  that  the 
industrial  complex  about  one  mile  below  the  dam  is  also 
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flooded.  Maximum  river  elevations  during  Tropical  Storm  Agnes 
are  reported  as  43.0  downstream  of  the  dam  (river  mile  14.75) 
and  51.0  upstream  of  the  dam  (river  mile  15.95).  Flat  Rock 
Dam  is  about  river  mile  15.75. 

c.  Visual  Observations.  On  the  date  of  the  inspection, 
there  were  no  conditions  observed  that  would  indicate  a 
reduced  spillway  capacity  during  an  extreme  event.  Observa¬ 
tions  regarding  the  condition  of  the  downstream  channel, 
spillway  and  reservoir  are  located  in  Appendix  A  and  discussed 
in  greater  detail  in  Section  3. 

d.  Overtopping  Potential.  Because  of  the  large  drain¬ 
age  area  above  Flat  Rock  Dam,  and  because  Flat  Rock  Dam  is  a 
run-of- the- river  dam  with  limited  flood  storage  capacity 
behind  it  compared  to  its  large  drainage  area,  along  with  the 
fact  that  the  weir  will  be  submerged  during  high  flows,  it  is 
believed  that  an  overtopping  analysis  is  not  significant  for 
this  structure.  During  a  large  storm,  there  is  little 
attenuation  of  the  inflow  hydrograph  by  the  available  flood 
storage. 

The  spillway  is  capable  of  discharging  about  30,000 
cfs  without  overtopping  the  right  abutment.  The  estimated 
tailwater  elevation  for  flows  of  50,000  cfs  is  38.6,  higher 
than  the  weir  crest.  It  is  estimated  that  storms  of  about 
0.07  PMF  will  overtop  the  right  abutment,  considered  to  be  the 
top  of  the  dam.  Flows  greater  than  about  0.11  PMF,  or  50,000 
cfs,  will  have  a  tailwater  elevation  approximately  equal  to 
the  weir  crest.  Flows  greater  than  these  values  will  begin  to 
submerge  the  weir  and  reduce  the  weir  capacity,  shown  in 
Appendix  D.  The  Spillway  Design  Flood  (SDF)  hydrograph 
presented  in  Appendix  D  was  supplied  by  the  Corps  of 
Engineers,  Philadelphia  District,  and  is  assumed  to  equal  0.5 
PMF.  The  estimated  peak  SDF  inflow  is  about  225,700  cfs, 
greater  than  the  estimated  100,000  cfs  at  Flat  Rock  Dam  during 
Tropical  Storm  Agnes  in  June  1972.  During  Tropical  Storm 
Agnes,  it  was  reported  that  Venice  Island  downstream  of  the 
dam  was  flooded,  and  the  canal  wall  and  the  whole  dam  was 
submerged. 

e.  Spillway  Adequacy.  As  the  spillway  will  not  pass 
the  PMF  without  overtopping  the  abutment,  the  spillway  is 
rated  as  "Inadequate".  As  overtopping  is  estimated  not  to 
cause  failure,  the  spillway  is  not  rated  "Seriously  Inade¬ 
quate”. 


f.  Downstream  Conditions.  Between  Plat  Rock  Dam  and 
Fairmount  Dam,  seven  river  miles  downstream,  there  are  a 
limited  number  of  permanent  structures  located  within  16  feet 
of  the  top  of  the  water.  The  canoe  clubhouse  is  located  15 
feet  above  the  water  at  the  confluence  of  the  Wissahickon 
Creek  and  the  Schuylkill  River,  and  there  are  11  boathouses 
located  immediately  upstream  of  Fairmount  Park  at  the  water 
level.  During  a  large  storm,  it  is  unlikely  that  any  of  these 
structures  would  be  occupied.  However,  Flat  Rock  Dam  is 
located  within  an  urban  area  and  above  a  stretch  of  water  that 
is  heavily  used  for  recreational  purposes,  boating  and 
fishing,  and  parks  are  located  along  the  river  banks  on  both 
sides.  Thus,  the  greatest  potential  to  loss  of  life  during 
failure  of  the  dam  would  result  from  failure  not  occurring  as 
a  result  of  a  large  storm,  justifying  a  "High”  hazard 
potential  rating. 
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SECTION  6 

STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability. 

a.  Visual  Observations.  Visual  observations  detected 
no  evidence  of  existing  or  pending  instability  of  the  right 
abutment,  weir  or  left  abutment  of  the  dam.  There  was  no 
distortion  along  the  spillway  crest  to  infer  excessive  scour 
downstream,  monolith  displacement  or  structural  deterioration 
of  the  ogee  section.  However,  the  entire  ogee  section  was 
covered  with  water  and  could  not  be  thoroughly  inspected.  The 
800  foot  long  canal  wall  was  also  inspected.  Surficial 
concrete  deterioration,  spalling  and  cracking  were  noted  on 
the  top  of  the  wall  and  along  the  river  face  of  the  wall.  Some 
seepage  and  leachate  deposits  were  also  noted  on  the  down¬ 
stream  face  of  the  wall.  Although  concrete  joint  deteriora¬ 
tion  is  occurring  within  the  canal  wall,  as  evidenced  by  the 
leachate  deposits  and  seepage,  there  is  no  evidence  detected 
by  visual  inspection  that  the  structural  integrity  of  the 
structure  has  been  affected. 

b.  Design  and  Construction  Data.  Stability  calcula¬ 
tions  for  Flat  Rock  Dam  were  available.  A  stability  analysis 
was  performed  on  the  dam  itself  based  on  a  head  of  water  19.3 
feet  above  the  weir,  or  167,000  cfs,  and  a  tailwater  depth 
based  on  Manning's  Formula  on  the  downstream  channel.  As- 
built  drawings  indicate  that  the  dam  is  anchored  to  the 
underlying  bedrock  by  rock  anchors.  The  stability  analysis 
results  are  summarized  in  Appendix  G. 

The  stability  analysis  of  the  canal  wall  presented 
in  Appendix  G  indicates  adequate  resistance  to  sliding  under 
an  assumed  pool  level.  Neglecting  tailwater  in  the  overturn¬ 
ing  analysis  indicates  an  unstable  structure,  while  including 
the  tailwater  indicates  a  marginally  stable  structure.  These 
results  are  at  variance  with  the  demonstrated  performance  of 
the  dam  during  large  events,  such  as  Tropical  Storm  Agnes, 
June  1972,  when  the  pool  level  exceeded  the  pool  level  used  in 
the  stability  analysis. 

c.  Operating  Records.  There  are  no  operational  records 
for  this  structure. 

d.  Post-Construction  Changes.  Since  the  completion  of 
the  dam  in  1977,  there  have  been  no  modifications  made  to  this 
structure. 
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e.  Seismic  Stability.  The  dam  is  located  in  Seismic 
Zone  1.  Normally  it  can  be  considered  that  if  a  dam  in  this 
zone  is  stable  under  static  conditions,  it  can  be  assumed  safe 
for  any  expected  earthquake  conditions.  As  the  dam  is 
assessed  to  be  stable  under  present  static  loading  conditions, 
it  can  reasonably  be  assumed  to  be  stable  under  seismic 
loading  conditions.  However,  since  the  static  stability  of 
the  canal  wall  is  questionable,  its  seismic  stability  is  also 
in  doubt. 


SECTION  7 

ASSESSMENT/REMEDIAL  MEASURES 


7.1  Dam  Assessment. 


a.  Evaluation.  Visual  inspection  of  the  exposed 
sections  of  the  dam  and  review  of  the  limited  available  data 
indicate  that  Flat  Rock  Dam  is  in  good  condition.  It  is  to  be 
noted  that  the  entire  spillway  and  apron  were  submerged  and 
could  not  be  inspected;  therefore,  a  complete  visual  assess¬ 
ment  of  the  structure  could  not  be  performed.  The  canal  wall 
was  also  inspected.  Construction  joint  deterioration  is 
occurring  through  the  canal  wall,  as  evidenced  by  leachate 
deposits  and  damp  areas.  There  was  no  evidence  detected  by 
visual  inspection  that  the  structural  integrity  of  the 
structure  has  been  affected.  Therefore,  although  repairs  are 
required,  the  canal  wall  is  considered  to  be  in  good 
condition. 


In  accordance  with  criteria  established  by  Federal 
(OCE)  Guidelines,  the  recommended  spillway  design  flood  for 
this  "Intermediate"  size  dam  and  "High”  hazard  potential 
classification  is  the  Probable  Maximum  Flood  ( PMF ) . 

Calculations  presented  in  Appendix  D  indicate  the 
structure  will  pass  about  0.07  PMF  without  overtopping  the 
right  embankment.  As  the  spillway  will  not  pass  the  PMF 
without  overtopping,  it  is  considered  to  be  "Inadequate”.  It 
is  considered  that  the  dam  is  not  likely  to  fail;  therefore, 
the  spillway  is  not  considered  to  be  "Seriously  Inadequate”. 

b.  Adequacy  of  Information.  Information  available  for 
this  investigation,  the  visual  inspection,  and  simplified 
calculations  presented  in  Appendices  D  and  G  were  sufficient 
to  indicate  that  no  further  investigations  are  required  for 
the  dam,  but  additional  stability  analysis  is  required  for  the 
canal  wall. 


c.  Urgency.  The  recommendations  presented  in  the 
following  section  should  be  implemented  immediately. 


7.2  Remedial  Measures. 


a.  Facilities.  It  is  recommended  that  the  following 
measures  concerning  the  canal  wall  be  undertaken  immediately 
by  the  City  of  Philadelphia.  Items  (1)  and  (2)  should  be 
performed  under  the  supervision  of  a  registered  professional 
engineer  experienced  in  the  design  and  construction  of  dams. 
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(1)  As  the  canal  wall  stability  analysis  presented  in 
Appendix  G  is  at  variance  with  its  demonstrated 
performance  history,  further  investigations  should 
be  made  to  verify  the  configuration  of  the  section, 
assumed  foundation  and  canal  bottom  conditions,  and 
results  of  the  analysis.  If  stability  of  the  wall 
cannot  be  demonstrated,  measures  should  be  taken  to 
insure  its  stability  under  all  expected  conditions. 

(2)  Seepage  through  the  canal  wall  should  be  monitored 
and  evaluated. 

(3)  Surficial  deteriorated  concrete  on  the  canal  wall 
should  be  repaired. 

(4)  In  conjunction  with  Item  (3),  all  open  cracks  at  the 
top  of  the  wall  at  the  construction  joints  should  be 
sealed  to  prevent  damage  from  freezing  water  in  the 
winter. 

b.  Operation  and  Maintenance  Procedures.  An  operation 
and  maintenance  manual  for  small  dams  has  been  prepared  by  the 
Department  of  Environmental  Resources,  Division  of  Completed 
Projects,  Bureau  of  Operations.  Portions  of  this  manual  apply 
to  Flat  Rock  Dam.  It  is  important  that  persons  concerned  with 
this  structure  be  familiar  with  the  procedures  contained  in 
the  manual.  The  City  of  Philadelphia  should  develop  a 
maintenance  procedure  to  insure  the  canal  wall  is  maintained 
in  the  best  possible  condition.  Since  the  Schuylkill  River  is 
covered  under  the  National  Weather  Service  Flood  Forecasting 
Service  and  procedures  have  been  established  to  warn  of 
potential  flooding  along  the  river  downstream  of  the  dam,  it 
is  not  recommended  that  a  separate  warning  procedure  be 
developed  for  this  structure. 
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SITE  GEOLOGY 
FLAT  ROCK  DAM 


Flat  Rock  Dam  is  located  in  the  Piedmont  Uplands 
Section  of  the  Piedmont  Physiographic  Province.  As  shown 
in  Plate  F-l,  the  dam  is  underlain  by  the  Wissahickon  For¬ 
mation  of  Lower  Paleozoic  age.  An  excellent  exposture  of 
gneissic  schist  occurs  above  the  river  bank  in  line  with 
the  left  dam  abutment.  Rock  foliation  at  this  point  strikes 
N65°W  (oblique  to  dam  centerline)  and  dips  15  degrees  to  the 
northeast.  Minor  rock  jointing  observed  strikes  N85°W  and 
dips  downstream  at  81  degrees  (near  vertical)  to  the  south. 
Exposures  of  the  Wissahickon  Formation  occur  in  the  vicinity 
of  both  dam  abutments  and  downstream  of  the  dam  within  the 
Schuylkill  River.  The  dam  is  therefore  most  likely  entirely 
founded  upon  the  gneissic  schist  bedrock. 
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